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The spatial distribution of the indigenous southern African 
aril-bearing tree flora (70 species) is analysed , to determine 
patterns of species similarity and environmental dependence. 
Six geographical regions are identified , but differences in 
species composition between the regions are relatively small. 
There is no evidence for an east-west dichotomy in the 
species composition of the flora, concomitant with a rainfall 
gradient. Proportional species richness (the percentage of 
aril-bearing species in the total indigenous tree flora), 
however, is highest in the dry western sectors of the 
subcontinent. Correlations with rainfall, temperature, solar 
radiation, altitude and water surplus, suggest that the aril-
bearing species are environmentally tolerant and are capable 
of occupying expansive geographical ranges . Fruiting periods 
tend to be short in individual species , but fruit is available 
throughout the year in four regions. These results are 
discussed in relation to hypotheses for the evolution of the 
aril-bearing flora. 
S. Afr. J. Bot. 1982, 1:117-123 
Die ruimtelike verspreiding van die 70 inheemse 
arillusdraende boomsoorte is ontleed ten einde patrone 
aangaande spesie-ooreenkomste en omgewingsafhanklikheid 
te bepaal. Ses geografiese streke is onderskei maar die 
verskille tussen die spesiesamestelling van die streke is 
relatief klein. Geen aanduiding van 'n oos-wes verdeling in 
die spesiesamestelling van die flora wat met die 
reenvalgradient verband hou, kon waargeneem word nie. Die 
relatiewe spesie-rykheid (arillusdraende spesies as 'n 
persentasie van die totale inheemse boomflora) is egter die 
hoogste in die droe westelike gedeelte van die subkontinent. 
Korrelasies met die reenval , temperatuur, sonstra l ing, hoogte 
bo seespieel en watersurplus, dui daarop dat die 
arillusdraende spesies omgewingsverdraagsaam is en oor die 
vermoe beskik om uitgestrekte geografiese gebiede te beset. 
lndividuele spesies neig om net vir 'n kort periode vrugte te 
dra, maar in vier gebiede is vrugte dwarsdeur die jaar 
voorhande. Die verband tussen hierdie resultate en hipoteses 
aangaande die evolusie van die arillusdraende flora word 
bespreek. 
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Introduction 
Plant species which rely on animals for seed dispersal 
usually produce fruits which are fleshy and derived from 
drupe, berry or arillate morphologies (Snow 1971). These 
fruits are most often conspicuous or possess strong scent 
to attract the appropriate dispersal agents, while the 
premature exploitation of these fruits is prevented by either 
the presence of toxin and / or inconspicuous colouration of 
the unripe berry or drupe or by an enclosed capsule or pod 
in the case of the arillate fruits. The arillate fruits are often 
considered to be particularly important sources of food 
for birds (Skutch 1980; Snow 1981) and mammals (Howe 
1980), even though species possessing such fruits constitute 
only approximately lOOJo of the total humid tropical tree 
flora bearing edible fruits (Corner 1949) . Based on the 
arillate fruits of the Durio zibethinus, the Durian theory 
of Corner (1949) assumes that 'the primitive angiosperm 
fruit must have been a red fleshy follicle, probably spiny, 
with large black seeds hanging on persistent funicles and 
covered with a red aril' and to have existed in the 
mesophytic tropical conditions. 
Axelrod (1952, 1960) postulated that such conditions 
stimulated the evolution and spread of the angiosperms . 
The fleshy multicarpellate fruits produced by certain 
tropical members of the Magnoliaceae have also been 
proposed as a primitive form of reproduction in 
angiosperm trees (Takhtajan 1969). Although species 
producing carpel fruits may have given rise to many 
modern forms producing berries and drupes, the aril-
bearing tree species occur in some 45 extant families 
(Corner 1949), of which 29 occur in southern Africa, and 
31 are predominantly tree or woody plant species 
(Heywood 1978). 
The modern arillate fruit is thought to represent a com-
promise between a juicy non-dormant sarcotest and the 
requirements for dormancy and hardening which should 
favour aril-producing species in areas outside humid forests 
(Vander Pijll969) . Here we report an analysis of the gross 
spatial distribution of the indigenous southern African aril-
bearing tree flora, comprising 70 species, in relation to 
suites of environmental features which might influence the 
dispersion of the flora. This allows us to discuss aspects 
of the possible origin and evolution of the flora and the 
modern arillate fruit in the light of the Durian theory. 
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Materials and Methods 
The main data base on 70 species of indigenous aril-bearing 
tree species (Appendix 1) occuring in southern Africa was 
ass em bled from maps in Coates Palgrave ( 1977). These 
maps are the only published source for this information, 
and represent generalized distributions only, and therefore 
a coarse grid of seventy quadrats was employed (Figure 
1). Each quadrat was scored for each species according to 
a 1- 10 scale, with each of the 10 numerals accounting for 
1 007o of the area of each quadrat. The proportional criteria 
for data transformation eliminates the requirement of 
equal area quadrats (Knight et a/. 1982). 
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Figure 1 The grid (70 quadrats) used in analysing the distribution of 
the southern African aril-bearing tree flora (70 species). 
Cluster analysis based on a Bray-Curtis similarity coef-
ficient and group-average sorting (Field & McFarlane 
1968), together with multi-dimensional scaling (Kruskal 
1964) were used to identify groups of quadrats with similar 
species compositions. Information statistic tests (Field 
1969) were used to determine the species that characteriz-
ed the groups of quadrats. Proportional species richness 
(defined as the percentage of aril-bearing species in the total 
indigenous tree flora) was related to 12 measures of the 
environment through correlation and stepwise multiple 
linear regression analyses (Sokal & Rohlf 1969; Allen 1973). 
The measures of the environment are: 
Solar radiation mean annual (XSR) 
annual range (RSR) 
Temperature mean annual (XT) 
mean annual range (XTR) 
January maximum (JAMA) 
July minimum (JUMI) 
Rainfall mean annual (XRF) 
mean January (JARF) 
mean July (JURF) 
Altitude range (RA) 
Water Surplus rainfall minus evaporation (WP) 
The environmental data were taken from Talbot & 
Talbot (1960), Jackson (1961), Thornthwaite (1962), Clark 
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(1967), and Schulze & McGee (1978). Proportional species 
richness is not a continuous variable and, therefore, was 
converted to a squared arcsine function (Fisher & Yates 
1963). The proportional species richness for each quadrat 
was subjected to a contouring program (S.G.P. Diederiks 
1979) which fitted a two-dimensional contour surface, by 
a least squares polynomial analysis. The proportional 
species richness was further analysed for spatial 
dependence (or randomness) in preset directions through 
spatial autocorrelation (Cliff & Ord 1969, 1973; Ward 
1978). 
The fruit seasons for each species within each region 
(identified by the cluster analysis) together with the mean 
length of all the species fruiting seasons within the regions 
were determined from information in Coates Palgrave 
(1978). These methods were used to determine if a con-
tinuous supply of fruit was available in each region. 
Results 
Arillate-bearing tree species clustered into five regions: 
(A) Bushveld; (B) Northern Namib; (C) Mozambique 
Coastal; (D) Arid Karoo; and, (E) Subtropical Coastal 
(Figures 2 & 3). Also present is a fragmentary Karoo 
Periphery (F). Among the species characteristic of each 
region, those belonging to Commiphora and Maytenus 
predominate in the Bushveld and Subtropical Coastal 
regions, respectively (Appendix 1). The spatial pattern 
displayed by the aril-bearing species is simpler than that 
of the total tree flora (cf. Figures 3 & 4). 
There is no evidence for an east-west dichotomy in the 
species composition of the aril-bearing flora, concomitant 
with a rainfall gradient. An ordination plot for species 
similarity among the 70 quadrats, over which is superim-
posed the 400-mm isohyet (a line which almost divides the 
subcontinent into moist eastern and dry western sectors), 
bisects the Bushveld (A) and the Arid Karoo (D) (Figure 
5). Both of these regions are characterized by a moderate-
ly large number of aril-bearing species (Appendix 1). The 
two-dimensional contour map (Figure 6) indicates that the 
highest proportional species richness of the aril-bearing 
flora occurs in the dry western parts of the subcontinent 
(Figure 6). The proportional species richness (TARIL) is 
correlated negatively, and most strongly, with mean an-
nual rainfall (r = - 0,427; P < 0,01) and July (winter) 
rainfall (r = - 0,310; P < 0,01), but positively with mean 
solar radiation (r = 0,335; P < 0,01) (Table 1). The above 
rainfall variables and range in solar radiation are the only 
variables included in the regression equation (Table 2), 
which has a low coefficient of determination (R 2 = 0,18, 
0,25 and 0,32 for the successive inclusion of XRF, JURF, 
and RSR in the regression equation), suggesting that the 
distribution of the aril-bearing flora cannot be determin-
ed, in statistical terms, from the environmental features 
considered here. This also suggests that the aril-bearing tree 
species, as a group, are environmentally tolerant and are 
capable of occupying relatively expansive geographical 
ranges. Results of spatial autocorrelation for proportional 
species richness of the southern African aril-bearing tree 
flora indicate that the pattern is spatially dependent in N-
S (z = 3,70; P < 0,01) and NW-SE directions (z = 3,44; 
P < 0,01), but is random for NE-SW (z = 0,11; n.s.); 
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Figure 2 Dendrogram formed by the Bray-Curtis similarity coefficient 
and group-average sorting (Field & McFarlane 1968) of the southern 
African aril-bearing tree flora. Regions A- F are identified at a 250Jo 
similarity leve l. 
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Figure 3 Cartographic representation of the southern African aril-
bearing tree flora , based on cluster analysis. Names of regions A -F are 
given in Figure 2. Hatched quadrats indicate a lack of data. The dotted 
line indicates the position of the 400-mm isohyet. 
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Figure 4 Cartographic representation of the total southern African tree 
flora (I 362 species), based on information in Knight eta/. (1982). Names 
of regions (identified at a 250Jo similarity level) are: B = Northern Namib, 
D = Arid Karoo, G = Eastern Bushveld , H = Western Bushveld, I = 
Afromontane, J = Kalahari, K = South Central Namib and L = West 
Coast Karoo . 
Figure 5 Multi -dimensional scaling ordination of the southern African 
aril-bearing tree flora. The diagonal represents the 400-mm isohyet. Posi-
tions of individual quadrats (indicated by numbers) are shown in Figure 
I. Names of regions A - F are given in Figure 2. 
the latter probably reflecting an impoverished aril-bearing 
flora in the south-western Cape corner of the subcontinent 
(Table 3). These results are reflected in the contour map 
of proportional species richness (Figure 6). The fruiting 
periods of the aril-bearing species are relatively short (Table 
4). However, in four of the five regions there is a con-
tinuous, but uneven, supply of fruits almost throughout 
the year (Figure 7). This suggests that shifts in the seasonal 
production of fruit along gradients from temperate to sub-
tropical zones are lacking, and probably reflects the 
absence of migrations along such routes by frugivorous 
birds in southern Africa. 
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Table 1 Correlation coefficient matrix of proportional species richness of 70 aril-bearing tree species (TARIL) 
and 12 measures of the environment 
Solar radiation Temperature Rainfall 
Mean Mean 
Mean Annual Mean annual · January July Mean annual Mean Mean Altitude Water 
annual range annual range max. min. annual range January July range surplus 
(XSR) (RSR) (XT) (XTR) (JAMA) (JUMI) (XRF) (RRF) (JAR F) (JURF) (RA) (WP) 
RSR - 0,057 
XT -0,463 -0,157 
XTR 0,496 -0,078 - 0,062 
JAMA 0,098 - 0,177 0,455 0,612 
JUMI -0,347 0,008 0,421 -0,752 -0,269 
XRF -0,792 0,191 0,181 -0,378 -0, 126 0,138 
RRF - 0,394 - 0,067 0,029 - 0,446 -0,102 0,288 0,627 
JARF - 0,472 -0,068 0,246 - 0, 185 0,080 0,152 0,431 0,225 
JURF 0,117 0,015 - 0,271 -0, 143 -0,418 0,102 0,121 0,243 - 0, 136 
RA - 0,165 0,208 -0,44 1 -0,486 - 0,550 0,089 0,336 0,415 -0,057 0,445 
WP - 0,470 0,057 0,157 - 0,454 -0,0 13 0,275 0,542 0,481 0,316 0,070 0,345 
TARIL 0,335 0,171 - 0,205 0,063 - 0,035 -0,040 -0,427 -0,303 - 0,241 -0,3 10 - 0,184 -0,236 
Crit ical values of r for significance levels are: r=0,237 P=0,05; r=0,309 P=O,Ol; r=0,388 P = 0,001. 
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Figure 6 Two-dimensional contour map of proportional species richness 
of the southern African aril-bear ing tree flora. All numbers are 
percentages. 
Table 2 Results of stepwise regression analysis 
between proportional species richness of the 
southern African aril-bearing tree flora and the en-
vironmental variables listed in Table 1 
Rainfall 
Mean annual (XRF) 
Rainfall 
Mean July (JURF) 
Solar Radiation 
Annual range (RSR) 
Coefficient of 
determination (R 2) 
0,18 
0,25 
0,32 
Regression 
coefficient (Z) 
- 0,0001 
-0,0017 
-0,0024 
Table 3 Results of spatial autocorrelation for pro-
portional species richness of the southern African 
aril-bearing tree flora 
Direction Joints Autocorrelation (r) Absolute value 
(z) 
N - S 116 0,46 3,70 
E-W 120 0,30 2,55 
NW-SE 108 0,44 3,44 
NE - SW 110 0,00 0,11 
OVERALL 454 0,30 5,13 
Critical values of z for significance levels are: z = 2,00 P = 0,05; z = 
3,00, P = 0,01 (Ward 1978) 
Table 4 Mean duration (months) of fruit presenta-
tion of species bearing arillate fruits in six regions 
of southern Africa 
Region 
Bushveld (A) 
N. Namib (B) 
Mozambique C. (C) 
Arid Karoo (D) 
Subtropical C. (E) 
Karoo P. (F) 
Discussion 
No. 
species 
54 
33 
24 
36 
12 
5 
Fruiting Coefficient 
duration of variation 
3,36 5307o 
4,03 47% 
3,79 28% 
4,08 56% 
2,73 33% 
3,60 50% 
If aril-bearing species generally represent 'primitive' 
angiosperm trees which originated in the humid tropics, 
as suggested by Corner {1949), then a greater degree of 
dependence on environmental conditions, particularly rain-
fall, than has been demonstrated here could have been an-
ticipated. Indeed, we show that there is no dichotomy in 
S. Afr. J. Bot. , 1982, 1(4) 
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Figure 7 Number of aril-bearing tree species presenting fruit according to months and regions in southern Africa . Names of regions A - Fare given 
in Figure 2. 
the species composition of the southern African aril-
bearing tree flora, concomitant with a rainfall gradient, 
and that species richness is proportionately highest in the 
dry western parts of the subcontinent. Our potential en-
vironmental determinants explain only 3207o of the distribu-
tion of this flora, in contrast to 63% in a comparable study 
based on all (n = I 362) tree species in southern Africa 
(Knight et a/. 1982). Moreover, at least three geographical 
refugia for relict species were found for this entire tree flora 
(Knight et a/. 1982), whereas the aril-bearing species tend 
to have very wide distributional ranges with no centres of 
isolation. Thus, the southern African aril-bearing tree flora 
might have evolved under semi-arid conditions, as sug-
gested for the angiosperms generally (Stebbins 1974), and 
subsequently invaded mesic regions. 
Animal dispersers either accompanied the plants, or rela-
tionships with new dispersal agents had to be formed in 
the mesic regions. The humid tropics are believed to be 
centres for the evolution of frugivory (Corner 1949; Van 
der Pijl 1969) and, therefore, a relative abundance of 
potential biotic dispersers could have been available to the 
plants in their new environment. It seems reasonable to 
assume that aril-producing species would have encountered 
fewer opportunities for establishing relationships with 
animal dispersers in spreading from mesic to xeric areas. 
Many southern African arillate fruits are rich and have 
large seed: pulp ratios (P.G. Frost pers. comm., pers. obs). 
According to McKey (1975), species producing such fruits 
tend to be dispersed by obligate frugivores and, being 
specialists rather than opportunists, they are unlikely to 
pioneer ecologically new areas, as would be the case if they · 
evolved in humid habitats and subsequently moved into 
arid regions. 
Assuming that aril-producing species tend to have a 
specialist dispersal mode (McKey 197 5), then selection 
should favour temporal displacement of fruiting periods 
in sympatric species producing fruits containing similar 
nutrients. Since most of southern Africa is ext ratropical, 
pronounced seasonality in climate is the norm and this pro-
bably promotes seasonal peaks in fruit presentation (cf. 
Liversidge 1972), and militates against a high degree of 
displacement of fruiting periods (Leek 1972). Nevertheless, 
fruiting periods in the aril-bearing tree flora are displaced 
to some extent, providing a continuous, but uneven, supply 
of fruit throughout the year in most regions. McKey (1975) 
also predicted that, in species which produce fruits with 
nutritious pericarps, fruiting periods should last a long time 
and that individual fruits should be displayed for a long 
time on the tree. Fruiting periods are, however, not 
markedly long in the southern African aril-producing trte 
flora, possibly reflecting a relatively high incidence of 
species producing low-quality fruits at low cost. This might 
apply to members of Commiphora whose fruits, similarly 
to the seeds of Erythrina (Krukoff 1969), could also be 
mimics of more nutritious arillate fruits. However, because 
there are at least 33 species of Commiphora in southern 
Africa, their abundance is likely to supersaturate the species 
being mimicked. 
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In general, our findings prompt caution in the use of 
'opportunist' (or 'generalist') and 'specialist' when discuss-
ing the evolution of fruit types . It seems likely that more 
species than not occupy places somewhere on an axis be-
tween these two extreme positions, and that each species 
has a degree of flexibility for movement along part of the 
axis in response to proximate factors, in addition to 
ultimate evolutionary shifts . 
Finally, an alternative hypothesis involves neither a mesic 
to xeric nor a xeric to mesic shift in the primary spread 
of the aril-bearing tree flora of southern Africa. Forest 
formerly extended over considerably greater areas of the 
subcontinent, under the influence of a southerly extension 
of the tropical rainfall system during interglacial periods 
(Van Zinderen Bakker 1969). Aridity prevailed over most 
of the area during the intervening periods, causing the 
forest to become fragmented and restricted to refugia (Van 
Zinderen Bakker 1969). 
Arillate-bearing species may, however , have been 
relatively well equipped, or preadapted (e.g. dry fruit, hard 
seed coat for dormancy), for dry conditions and, thus, re-
mained behind while the forest retreated . In this way, a 
fairly constant similarity in species composition of the aril-
producing tree flora could have arisen over large areas of 
the subcontinent , with proportional species richness vary-
ing as a result of the disproportional retreat of species less 
tolerant of arid conditions. 
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Appendix 1 The southern African aril -bearing tree 
flora in relation to five major regions: (A) Bushveld , 
(B) Northern Namib, (C) Mozambique Coastal, 
(D) Arid Karoo, and (E) Subtropical Coastal. XX and 
X indicates the species to be characteristic (infor-
mation statistic test) at P < 0,01 and P < 0,05, 
respectively, for each region 
Species 
Strelitziaceae 
Stre/itzia alba (L. f.) Skeels 
Strelitzia caudata R.A. Dyer 
Strelitzia nicolai Regel & Koern. 
Leguminosae 
Mimosoideae 
Albizia adianthifolia (Schumacher) 
W.F. Wight 
Albizia amara (Roxb.) Boiv . 
Arillate regions 
A B C D E 
XX 
XX 
XX 
XX 
XX 
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Appendix 1 (continued) Appendix 1 (continued 
Arillate regions Arillate regions 
Species A B c D E Species A B c D E 
Caesalpinioideae Exoecaria bussei (Pax) Pax XX XX 
Guibounia coleosperma (Benth .) Celast raceae 
J. Leonard XX Mayrenus acuminara (L. f.) Loes. XX X 
Schoria afra (L.) Bodin XX Mayrenus bachmannii (Loes. ) Marais XX 
Schotia brachyperala Sander XX Mayrenus chasei N.K.B. Robson XX 
Schoria capitara Bolle XX Mayrenus hererophylla (Ecklon & 
B u rseraceae Zeyher) N. K. B. Robso n XX XX 
Commiphora africana (A . Rich.) Engl. XX XX Mayrenus linearis (L. f.) Marai s XX XX XX 
Commiphora anacardiifolia Dinter & Mayrenus Iucida (L.) Loes. XX XX 
Engl. X X Mayrenus mossambicensis (Klot zsch) 
Commiphora angolensis Engl. XX Bla kelock XX 
Commiphora caerulea B.D. Burtt XX Mayrenus oleoides (Lam.) Loes. XX XX 
Commiphora crenaro-serrara Engl. XX Mayrenus penduncularis (Sander) Loes. XX 
Commiphora dinteri Engl. XX XX Mayrenus polyacanrha (Sander) Marai s XX 
Commiphora edulis (Klotzsch) Engl. XX May renus procumbens (L.f.) Loes. 
Commiphora glaucescens Engl. XX Mayrenus purrerlickioides (Loes. ) Exell 
Commiphora harveyi (Engl.) Engl. XX & Medonca X XX 
Commiphora karibensis Wild XX Mayrenus senegalensis (Lam.) Exell XX 
Commiphora marlothii Engl. XX Mayrenus undara (Thunb.) Blakelock XX 
Commiphora merkeri Engl. XX Purrerlickia pyracanrha (L.) Szyszyl. XX 
Commiphora mol/is (Oliver) Engl. Purrerlickia sp . no. I XX 
Commiphora namaensis Schinz XX Purrerlickia verrucosa (E. Meyer ex 
Commiphora neglecra Yerdoorn XX Sander) Szyszyl. 
Commiphora oblanceolara Schinz XX Carha rransvaalensis Codd XX 
Commiphora pyracanrhoides Engl. Sapindaceae 
Commiphora schimperi (0. Berg)Engl. XX Zanha africana (Radlk.) Exell XX 
Commiphora schlechreri Engl. XX XX Zanha golungensis Hiern 
Commiphora serrara Engl. XX Melianthaceae 
Commiphora renuiperiolata Engl. XX XX Bersama abyssinica Fresen. XX 
Commiphora ugogensis Engl. XX Bersama lucens (Hochst.) Szyszyl. XX 
Commiphora virgala Engl. XX Bersama srayneri Phillips XX 
Commiphora wildii Merxm. XX Bersama rransvaalensis Turrill XX 
Commiphoia woodii Engl. XX Bersama rysoniana Oliver XX 
Commiphora zanzibarica (Baillon) Sterculiaceae 
Engl. XX Srerculia africana (Lour.) Fiori XX 
Meliaceae Flacourtiaceae 
Trichilia capirata Klotzsch Casearia barriscombei R.E . Fries XX 
Trichilia dregeana Sander XX XX Casearia gladiiformis Mast. XX 
Trichilia emetica Yah! XX 
Pseudobersama mossambicensis (T.R. 
Rhizophoraceae 
Sim) Verde. XX Cassipourea mossambicensis (Y. Brehmer) Alston XX 
E uphorbiaceae 
Macaranga capensis (Baillon) Benth. XX 
